Background: Insertional Achilles tendinopathy (IAT) is a common cause of posterior heel pain. Extracorporeal shock wave therapy (ESWT) has proven to be an effective treatment, but the relationship between therapeutic responses and sports activity levels has not been studied.
Insertional Achilles tendinopathy (IAT) is a common cause of posterior heel pain that occurs at the insertion of the Achilles tendon onto the calcaneus. 12, 27 IATs may cause considerable morbidity and are difficult to manage, 25 and they most commonly affect active adults aged between 30 and 60 years, particularly those who are engaged in racket sports, track and field, volleyball, and soccer. 3, 18 It had been hypothesized that IATs were caused by repetitive sports injuries 18 ; however, Rolf and Movin 19 reported on a study of 58 Achilles tendinopathy patients in which 31% of the patients did not participate in sports or vigorous physical activities. This suggests that in addition to repetitive sports injuries, other causes of this condition are present in the general population.
In a study 4 comparing Achilles tendon morphology between adolescent elite athletes and recreational active populations, higher fiber density and organization was found in recreationally active participants than in less active participants, which indicates that different Achilles tendon adaptions might occur in athletic and nonathletic patients. In such cases, different treatment strategies should be applied. However, not many studies have investigated the difference in therapeutic outcomes between sports-active and nonsports-active IAT patients. Only Rolf and Movin 19 compared the surgical outcomes between athletic and nonathletic patients, but there was insufficient evidence to determine whether sports-active patients responded differently compared with nonsports-active patients when receiving nonoperative treatments.
Physical therapy, such as extracorporeal shock wave therapy (ESWT), is considered an effective treatment for IAT before surgical options. 12 ESWT has proven effective in lateral epicondylitis, plantar fasciitis, tendinopathy of the shoulder, and also bone and skin disorders. 9, 10, 16, 21 ESWT has some evidence of benefit for the treatment of both IAT and non-IAT, as reported in several systematic reviews. 2, 8, 15 The evidence is limited, yet it suggests that ESWT is an effective option for treating chronic IATs, particularly when other nonoperative treatments have failed. 2, 15 It would, therefore, be interesting to know if there is a difference in clinical response between sports-active patients and nonsports-active patients after ESWT for IATs.
Ultrasonography has proven to be a reliable tool to detect Achilles tendon pathologies, including calcific plaque sizes and neovascularizations. 22, 24 It can also be used in clinical environments to determine the morphological changes of the tendon after ESWT. 5 Therefore, the aim of the present study was to evaluate and compare the clinical efficacy of ESWT in the treatment of Achilles tendons between sportsactive and nonsports-active patients using functional scores and ultrasonography examinations. It was hypothesized that sports-active patients would have similar functional outcomes compared with nonsports-active patients after ESWT.
METHODS

Study Design
This study was approved by the ethics committee of our hospital. A retrospective study was conducted on patients with IAT who received ESWT from October 2012 to September 2013. The diagnosis of IAT was confirmed by the following definition: pain and localized tenderness at the insertion region of the Achilles tendon and decreased activity levels secondary to Achilles tendon pain. 5, 22, 24, 25 According to previously reported shockwave therapy studies, 13 visual analog scale (VAS) scores for pain were used to determine the appropriate sample size, which was estimated to be between 15 and 24 patients (a ¼ 0.05, 2-tailed, and d ¼ 2). Patients were classified into 2 groups according to their preinjury Tegner activity level: a sports-active group, defined as patients who self-reported to be regular joggers (SA group; Tegner activity level >3), and a nonsports-active group (control group; Tegner activity level 3).
Before the first ESWT treatment, baseline measurements of clinical function and ultrasonography results were recorded. Follow-up examinations were performed immediately after treatment and 5 years after treatment.
The inclusion criteria were (1) Achilles tendinopathy confirmed by magnetic resonance imaging or ultrasonography; (2) duration between onset of symptoms and treatment >3 months; (3) no other treatments (such as antiinflammatory drugs, physiotherapy, etc) before or during the treatment period; and (4) successful completion of a course of extracorporeal shock wave treatments. Patients with the following conditions were excluded: (1) Haglund deformities or Achilles tendon ruptures; (2) previous ankle or Achilles tendon operations; (3) midportion Achilles tendinopathy; (4) ankle deformities; (5) ankle osteoarthritis; or (6) peripheral neuropathies, systematic neurological diseases, or seronegative diseases.
Extracorporeal Shock Wave Therapy
A radial shock wave device (EMS Swiss Dolor-Clast) was used to perform the ESWT on the most sensitive point of the Achilles tendon ( Figure 1 ). Therapies were administered once a week for 5 sessions by the same practitioner. energy dose was controlled by the operator to a "maximal comfortably tolerated" level, which was different for each patient and varied between sessions. During each session, the number of impacts was 2000, the energy density was 0.06 to 0.1 mJ/mm 2 , the pressure was 1.5 to 2.5 Pa, and the frequency was 6 to 8 Hz. Patients were given standardized postprocedural advice after ESWT and were advised to avoid nonsteroidal anti-inflammatory drugs (NSAIDs) the day of, and a few days after, each ESWT session.
Clinical Evaluation
Clinical functional evaluations included the Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire and the VAS for pain. The VISA-A questionnaire is a valid and reliable measure of the severity of Achilles tendinopathy. The VISA-A contains 8 questions that cover the 3 domains of pain, function, and activity (a maximum score of 100). 18 The Tegner activity level was also recorded at the final follow-up.
Ultrasonographic Examination
Ultrasonography scanning was performed using an iU22 ultrasonography unit (Philips Medical Systems) with a wide-frequency linear array transducer (5-17 MHz) according to a previous report. 5 All Achilles tendons were scanned in the longitudinal plane, and calcifications and neovascularization were analyzed. Since normal Achilles tendons are avascular tissues, neovascularization was defined as the appearance of vessel signals inside the tendon 17 and was assessed around the insertional site.
Statistical Analysis
Data analyses were performed using Stata 10.0 software (Stata Corp), and the data were reported as means ± SDs. A w 2 test was used to compare categorical variables. The Shapiro-Wilk test was used to test the distribution of data. Comparisons between groups were made with the Student t test for normal distribution or 2-sample Wilcoxon rank-sum test for abnormal distribution of continuous variables. The significance level was set at P < .05.
RESULTS
From an initial 37 patients, 4 patients were lost to followup. Thus, 33 patients were available at the final follow-up, including 16 patients from the SA group and 17 from the control group. The 2 groups did not differ significantly in age, body mass index (BMI), sex, therapeutic side, or VAS scores. The VISA-A score of the SA group was slightly higher than that of the control group (56 ± 7 vs 51 ± 8; P ¼ .04) ( Table 1) .
No patient reported serious complications, including infections or Achilles tendon ruptures. For this cohort, the VISA-A score increased with time and the VAS score decreased with time after ESWT treatments (Figure 2) .
The sports activity level did not significantly change after ESWT treatments in either group. The Tegner activity level in the SA group was 6 ± 1 before treatment and ## Significant difference between groups; n.s., no significant difference between groups.
6 ± 0 after the 5-year follow-up, and it was 3 ± 0 before treatment and 3 ± 0 after the 5-year follow-up in the control group. Immediately after treatment, the 2 groups had comparable VAS scores (1.4 ± 0.8 vs 1.5 ± 0.5; P ¼ .70), while the SA group had a significantly higher VISA-A score than the control group (73 ± 4 vs 65 ± 6; P < .001). At the 5-year follow-up, the SA group had a significantly lower VAS score than the control group (0.3 ± 0.8 vs 1.6 ± 1.3; P ¼ .001), and the SA group had a significantly higher VISA-A score than the control group (90 ± 4 vs 78 ± 7; P < .001) (Figure 2 ).
All study patients were examined before treatment and after treatment by ultrasonography. Before ESWT treatments, 8 patients in the SA group and 12 patients in the control group were found to have calcifications. After treatment, the number or the size of calcifications did not change in any patient (Figure 3) . No obvious neovascularizations were observed at the Achilles insertional site in any patient after treatment. Interestingly, the neovascularization near the proximal site of Achilles insertion decreased after ESWT treatments in 3 control group patients (Figure 4) .
DISCUSSION
There are several nonoperative treatments for IATs, such as rest and icing, NSAIDs, platelet-rich plasma (PRP) injections, and physiotherapy. It has been reported that ESWT yields better clinical outcomes over eccentric exercises 20 and relatively similar results compared with PRP injections in physically active patients. 6 Despite the reported efficacy of ESWT for chronic Achilles tendinopathy, some patients do not respond to treatment and still have residual symptoms. Therefore, it is important to know which patients are more amenable to ESWT.
IATs tend to be recalcitrant to a range of treatment options, and there may be long recovery times. 7 Excessive sports activities accompanied by Achilles tendon degeneration have been suspected as possible causes. 1, 18 Other studies 11 have claimed that Achilles tendon degeneration is seen in middle-aged and overweight populations who do not participate in sports. Kearney and Costa 12 found the cause to be primarily repetitive activities in young athletes, while degeneration might be the cause in the elderly.
Our results suggest that sports activity level is an important factor influencing long-term ESWT outcomes for IAT. In this study, the sports-active patients had better clinical outcomes than nonsports-active patients after 5 years of follow-up. Maffulli et al 14 also reported that nonathletic patients experienced more prolonged recoveries and more complications and were at a greater risk of further surgeries than athletic patients with recalcitrant Achilles tendinopathy after surgical treatment. It was presumed that the nonathletic patients might have had degenerated Achilles tendons. Additionally, our study determined that the effect of ESWT might continue after completion of the treatment, with clinical outcomes continuing to improve after 5 years. Furia 9 evaluated the effectiveness of ESWT in the symptomatic treatment of Achilles tendinopathy over time and observed satisfactory results in 47.2% of cases at 2-month follow-up, 73.2% of cases at medium-term (6-to 12-month) follow-up, and 76% of cases at long-term (13-to 24-month) follow-up. These findings indicate that ESWT can effectively treat Achilles tendinopathy for a long period of time.
In the present study, ultrasonography was applied to evaluate the calcification and neovascularization of Achilles tendons. However, according to our results, the number as well as the size of calcifications did not change, and no obvious neovascularizations were observed at the Achilles insertional site in any patients. A previous study 26 reported that theories about ESWT can be roughly divided into pain relief, tissue regeneration, and destruction of calcifications. Pain relief was indeed obtained, while calcifications did not change in this study. Santamato et al 23 reported that ultrasound examinations revealed neovascularization in 91.7% of patients 1 and 2 months after focused ESWT and demonstrated the efficacy of ESWT in pain reduction with a high degree of patient satisfaction, although doubt persists regarding the neovascularization effect on the treated Achilles tendons. These findings indicate the limitation of ultrasonography examination for IATs. In a previous animal study, Vetrano et al 28 observed a significant increase in neovessels after biopsy at 4 weeks, and this increase persisted until 12 weeks after ESWT. In the present study, the neovascularizations near the proximal site of Achilles insertions were observed to change after ESWT treatments. It is believed that the neovascularizations can appear on the noninsertional site of Achilles tendons.
There are several limitations in this study. First, as a retrospective study, the number of patients recruited was small, and therefore this might have introduced biases and inaccuracies. Second, the tissue composition of the Achilles tendon insertional areas is unknown because histological analyses could not be performed. Third, the reason we defined patients with a Tegner activity level 3 as nonsports active was mainly because we defined sports active patients as those who jogged regularly, and this could have introduced some bias. Since this is a small study, clinical effects could not be investigated for a longer time (5 years). Furthermore, the etiology of IAT in both sports-active and nonsports-active patients might overlap, and the ESWT mechanisms for treating tendinopathy are still unclear.
CONCLUSION
ESWT can improve the symptoms of Achilles tendinopathy, and sports-active patients having IAT had better therapeutic responses than nonsports-active patients after 5 years of follow-up.
